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Abstract: 

This study examined first-grade preservice mathematics teachers’ perceptions and 
concept images of sequence and subsequence concepts. The qualitative research design 
was utilized in accordance with this purpose. The study sample was composed of 99 
preservice mathematics teachers attending the Faculty of Education at a state university 
during the fall term of 2015/2016 academic year. A form of 6 open-ended questions 
prepared about the concepts of sequence and subsequence was used as the data 
collection instrument. Answers of the preservice teachers to the open-ended questions 
were first scanned as images and then transferred into digital medium. Next, the data 
transferred into digital medium were subjected to a content analysis with MAXQDA 12 
qualitative data analysis software. “Data coding” which is a data analysis method was 
utilized. It was concluded in the study that the preservice teachers had wrong 
perceptions and concept images of both sequences and subsequences scientifically. 


Keywords: concept of sequence, concept of subsequence, preservice mathematics 
teachers 


1. Introduction 


According to most teachers, today, success in mathematics means being able to use 
formulas, rules and methods instantly and properly and do the calculation in a right 
way (Soylu & Aydin, 2006). Thus, many students are not aware of which mathematical 
concepts underlie the operations they use when solving a mathematical problem or 
question and what mathematics actually means. In other words, students do several 
operations without knowing the features of concepts on which they study on and 
without explaining the reasons exactly in mathematical subjects. Indeed, students think 
of mathematics learning as doing operations by using meaningless formulas and 
symbols and try to learn mathematics by rote learning (Oaks, 1990; Soylu & Aydin, 
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2006). That is why a student solving a given mathematical problem properly does not 
always mean that he/she can understand or explain the mathematical concept related to 
that problem exactly (isleyen & Isik, 2005). Bingolbali & Ozmantar (2010) state that 
trying to teach mathematical subjects through slideshows, direct instruction, formula 
memorizing or with teacher-centred approaches hinders students’ conceptual 
development. To eliminate this hindrance to perform effective mathematics teaching 
requires to teach conceptual and operational information in a balanced way (Zembat, 
Ozmantar, Bingolbali, Sandir & Delice, 2013; Birgin & Giirbtiz 2009; Baki, 2008; Soylu & 
Aydin, 2006). Hence, definitions and features of concepts are something to be handled 
with importance and care in mathematics instruction (Soylu & Aydin, 2006). 

Tall & Vinner (1981) state that how students comprehend and think of a concept 
from the aspect of learning can be analyzed using the concept definition and concept 
image model. Concept definition can be regarded as a formal definition recognized by 
the scientific community. For instance, formal definitions for mathematics are general 
definitions agreed by mathematicians and the mathematical community. Concept 
image is an informal definition of a concept, involving all mental images that occur in 
individual’s mind and is shaped with individual’s impressions and experiences of that 
concept and the features he/she know about it. Images about the same concept are 
individual, and several images concerning the concept in mind, perceptions of the 
concept’s features involve several words and/or phrases that evoke the concept 
(Bingolbali & Monaghan, 2008). Therefore, concept image is an informal definition and 
may also include conceptual misconceptions as it occurs in minds consciously or 
unconsciously through individual’s experiences. Moreover, concept image does not 
have to be suitable for or consistent with the concept; it can involve students’ conflicted 
opinions of which they are unaware on the concept (Rosken & Rolka, 2007). 

In the literature, there are several studies aiming to identify conceptual 
misconceptions of primary and secondary education students as well as preservice 
mathematics teachers studying in faculties of education (Morali, Koroglu & Celik, 2004; 
Yenilmez & Avcu, 2009; Kaplan, Isleyen & Oztiirk, 2011; Ozkaya & Isleyen, 2012; Baki & 
Aydin Gii¢, 2014) and on conceptual and operational learning (Baki & Kartal, 2002; 
Soylu & Aydin, 2006; Birgin & Girbiiz, 2009) in regard to certain basic mathematical 
concepts. In an overlook at the results of these studies in the literature, it is reported 
that students have several conceptual misconceptions, their conceptual and operational 
knowledge are not balanced, they have trouble with defining the concepts and cannot 
tell the relationships between them. On the other hand, no study was observed on the 
concepts of sequence and subsequence although there are few studies on the definitions 
of mathematical concepts (Aydin & K6gce, 2008; Dane & Baskurt, 2012; Kogce, 2015). It 
is reported in the studies on difficulty indices regarding mathematical subjects in the 
literature that the unit of sequences and series takes the first place in the difficulty index 
(Durmus, 2004; Tatar, Okur & Tuna, 2008) and students find it hard to comprehend the 
subjects in the unit of sequences and series (Akbayir, 2004; Alcock & Simpson, 2004; 
Alcock & Simpson, 2005; Akgiin & Duru, 2007). Furthermore, Ciltas & Isik (2012) 
observed in their study aiming to identify the mental models of preservice teachers in 


European Journal of Education Studies - Volume 4 | Issue 12 | 2018 47 


Davut K6gce 
EXAMINING PRESERVICE MATHEMATICS TEACHERS’ PERCEPTIONS AND 
CONCEPT IMAGES OF SEQUENCE AND SUBSEQUENCE CONCEPTS 


the subjects of sequences and series that the preservice teachers failed to do a drawing 
of an exemplary model which states the concepts of sequence and series properly and 
tried to explain these concepts and their features through examples. 

Due to the abstract, complex and hierarchic (Nesbit, 1996) structure of 
mathematical concepts, learning a new mathematical concept or information highly 
depends on learning the previous concepts meaningfully and establish proper 
relationships between them. Therefore, concepts of sequence and subsequence are some 
of the basic and important concepts in Analysis I course. Indeed, concepts of sequence 
and subsequence taught in Analysis I are very close to the concepts of function, 
convergence, limit, continuity, derivative and integral and among the most basic 
concepts due to their strong relationship with them. Hence, learning concepts such as 
convergence, limit, continuity, derivative and integral in a proper way significantly 
depends on learning the definitions and features of concepts of sequence and 
subsequence properly in the first place. Despite the importance of concepts of sequence 
and subsequence in learning other concepts in the Analysis course properly, the fact 
that sequences and series are at the top in the difficulty indices and preservice teachers 
cannot provide correct models of these concepts is to be addressed. Hence, the reasons 
such as concepts of sequence and subsequence are among the basic and important 
concepts in Analysis I course and there are no studies aiming to explore the definitions 
and relationships of these concepts necessitated such a study. 

Accordingly, this study aimed to examine first-grade preservice mathematics 
teachers’ perceptions and concept images of sequence and subsequence concepts. To 
that end, the main research question of this study was decided to be “How do first-grade 
preservice elementary mathematics teachers explain the concepts of sequence and subsequence 
and what perceptions and concept images do they have of these concepts?” 


2. Method 


In this section, information related to research design, sample, instruments and data 
analysis were given. 


2.1. Research Design 

Aiming to identify the first-grade preservice elementary mathematics teachers’ 
perceptions and concept images of the sequence and subsequence concepts, this is a 
descriptive research and utilized the qualitative research design. Qualitative research 
ensures that data are read over and over to be divided into codes and categories based 
on their similarities and differences and research results are presented (Merriam, 1998; 
Cepni, 2012; Karasar, 2016; Yildirim & Simsek, 2016). 


2.2. Sample 

The sample of the research was composed of 99 first-grade preservice teachers 
attending the Department of Elementary Mathematics Education in the Faculty of 
Education at a state university during the fall term of 2015/2016 academic year. This 
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sample was chosen as it had been observed that preservice teachers taking the General 
Mathematics course in the Department of Elementary Mathematics Education in the 
previous academic year had certain shortcomings when explaining the mathematical 
concepts subjected to the research. Hence, first-grade preservice mathematics teachers 
were purposively chosen for the sample in this study. 


2.3. Instrument 
A form of 6 open-ended question was created to determine on what level the preservice 
teachers could explain the concepts of sequence and subsequence and what kind of 
concept images they had of these concepts (see Table 1). The open-ended questions 
allowed preservice teachers to state the reasons for their answers and reflected the way 
they thought of these concepts (Gronlund & Linn, 1990). This is why open-ended 
questions were utilized as data collection instrument. 

Before preparing the question form, the related literature was reviewed in detail. 
First, 10 open-ended questions (2 questions about definitions of the concepts 8 
operational questions about the usage of concepts) were prepared by the research on 
the concepts of sequence and subsequence in accordance with the research purpose. 
Next, two field education experts and one field experts were asked to examine these 
questions. As per the opinions of the field experts, 4 of the questions were excluded 
from the form because operational questions about the concepts were similar and serve 
the same purpose. The finalized question form is composed of two parts. The first part 
involves 2 open-ended conceptual questions and the second part involves 4 open-ended 
operational questions about these concepts. While the preservice teachers were asked to 
explain the two concepts with reasons in the first part, they were asked to answer the 
operational questions about these concepts with reasons in the second part. Questions 
used in the data collection instrument are presented in Table 1. 


Table 1: Question used in the data collection instrument 


Chapter I - Questions about Definitions of the Concepts 


1. What is a sequence? Define. What are the conditions that a statement is a sequence in your opinion? 


2. What is a subsequence? Define. What are the conditions that a statement is a subsequence in your 
opinion? 


Chapter II - Operational Questions about the Concepts 


1. From which set should the statement f(n) = “= be defined to which set so it states a sequence? 


n-3 


2. Explain whether inverse of the function defined by f:N* > R, f(n) = 3n + 3 would be a sequence with 
reasons. 


3. Write a subsequence of the sequence (an) = (=) and explain why it is the subsequence of this 


sequence with reasons. 


2n+1 


4. Explain whether the sequence (b,) = (=) is a subsequence of the sequence (a,) = (—) with 


+1 nt+1 
reasons. 


The data collection instrument revised in accordance with the expert opinions were 
applied to 50 first-grade preservice mathematics teacher in the fall term of 2014/2015 
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academic year in a pilot study. The data collection instrument was finalized, and it was 
determined that it took one class hour (45 minutes) to complete it in the pilot study. 


2.4. Data Collection and Analysis 
The data of the study were collected by applying the data collection instrument to the 
participant preservice teachers for one class hour (45 minutes). 

A comprehensive literature review was performed for the formal definitions of 
the sequence and subsequence concepts and criteria were developed to be used in the 
evaluation of the answers given to the questions in the data collection instrument. The 
criteria created using the definitions of the sequence and subsequence concepts in the 
literature are given in Table 2. 


Table 2: Criteria used in the data analysis 


Concepts Definitions made in the literature 


e A function defined by f:N > Ris called real number sequence (Doruk & Kaplan, 2013). 

e ach f function defined from the set N* to the set R is called a real number sequence or 
“sequence” in short (Aydin & Asma, 2003). 

e A function defined from the natural numbers set N to R is called a real number sequence. 
For sequences, the representationf: N > R, n > f(n) = a, is used (Dernek, 2009). 

e The function of which domain is positive integers is called sequence. By this definition, 
the functionf: N > R, y = f(n) is a sequence (Kadioglu & Kamali, 2013). 

e Every function of which domain is positive integers is called an infinite sequence or 


1. Sequence 


“sequence” in short. If the range of the function is real numbers set R, the sequence is 
called a “real convergent sequence” (Balci, 2012). 

e With A # @ being a null set, every function defined by f:N* > A is called a sequence 
(Altun, 2015). 


e Let (a,) and (k,) be two sequences. If the sequence (k,) is a monotone increasing 
sequence, in other words, it is k,4; > ky, and Vn € N*, in the sequence (a,), the sequence 
(a,,,) obtained by writing the general term of (ky) in place of n is called a subsequence of 
the sequence (a,) (Aydin & Asma, 2003). 

e Given (a,), with (k,) being an increasing sequence of natural numbers, the sequence 
(ax) is called a subsequence of (a,,) (Dernek, 2009). 


2. Subsequence 


e With (k,) being an increasing sequence of positive integers, the sequence (ay, ) is called a 
subsequence of (a,) (Balci, 2012). 


After the question form had been applied, form of each preservice teacher was assigned 
a number. For example, “PT1” represents the preservice teacher 1. Next, the answers 
given by the preservice teachers to the open-ended questions were scanned as images 
and transferred into the digital medium, and MAXQDA 12 qualitative data analysis 
software was used for analysing the obtained data. 

For analysing the data in a reliable way, the answers given by randomly chosen 
10 preservice teachers to the question form was grouped in the categories of correct, 
incomplete, incorrect and blank independently based on the criterion set by the 
researcher and a field expert in the first place, and then the answers were descriptively 
analyzed according to their similarities and differences (Yin, 1994; Merriam, 1988). If the 
concept was defined correctly as given in Table 2 and explained with the correct reason, 
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it was categorized as “Correct-Correct”; if defined correctly but explained with 
incomplete reason, it was categorized as “Correct-Incomplete”; if defined correctly but 
explained with incorrect reason, it was categorized as “Correct-Incorrect”, and if 
defined correctly but with no reason, it was categorized as “Correct-Blank". Similar 
categorization was performed for incomplete and incorrect definitions and reasons. 

The degree of agreement of the coding performed by the researcher and the field 
expert was calculated with the formulation “Reliability= (Number of agreed categories) 
(Total number of agreed and disagreed categories)” (Miles & Huberman, 1994). The 
degrees of reliability regarding the concordance of the analyses conducted separately by 
the researcher and field expert was calculated to be 0.83 for conceptual and operational 
data on the definition of sequence and 0.82 for conceptual and operational data on the 
definition of subsequence. (Miles & Huberman, 1994) state that concordance between 
the two coders being 0.70 and above is sufficient for reliability. Accordingly, it was 
decided that the concordance between the coders was reliable. Next, these categorized 
were reviewed by the researcher and field expert together to clarify the similar 
categories, and different categories were discussed to achieve consensus (Yin, 1994; 
Merriam, 1988). 

The answers given by the remaining preservice teachers in the question form 
were analyzed by the researcher alone according to these categories. The categories 
created once the analysis of all the data was completed were submitted to the review by 
the same field expert along with the criterion taken as basis in the data analysis and 
finalized in accordance with the recommendations; they were next presented in Table 3 
and Table 4 with percentage-frequency values and citations from the actual answers 
given by the preservice teachers. 


2.5. Validity and reliability 

The validity and reliability measures required for the qualitative research method were 
taken in this study (Yildirim & Simsek, 2016). Hence, it was ensured that the participant 
preservice teachers answered each question in consideration of their current status to 
achieve internal validity during the implementation of the data collection instruments. 
For the external validity, the findings were presented in consistency with the research 
questions in an effort. 

To achieve the external reliability, the position of the researcher conducting the 
data analysis within the research process, conceptual framework used for the data 
analysis as well as the codes and themes were described, and detailed explanations 
were made on the data collection and analysis methods. For the internal reliability, the 
researcher and a field expert participated in the analysis steps and the achieved data 
were presented in a detailed way and in a descriptive approach. 


3. Results 


The data obtained from the opinions of the preservice teachers on the mathematical 
concepts are presented and explained in tables (Table 3-Table 4). The data on how the 
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preservice teachers explained the sequence concept and what kind of perceptions and 
concept images they had of this concept are shown in Table 3. 


Table 3: Definitions concerning the concept of sequence 


Concept Conceptual Knowledge 


Definitions Reasons 
f % Correct Incomplete Incorrect Blank 
f % f % f % f % 
Correct 4 4.04 2 50 2 50 0 0 0 0 
Incomplete 3 3.03 3 100 0 0 0 0 0 0 
o Incorrect 91 91.91 0 0 44 48.35 47 51.65 0 0 
g Blank 1 0.01 
ey Operational Knowledge 
a Question 1 
be Correct 0 0 0 0 0 0 0 0 0 
& Incomplete 2 2.02 0 0 0 0 0 0 2 100 
& Incorrect 97 97.97 0 0 0 0 42. 43.30 55 ~—«56.70 
Blank 0 0 
Question 2 
Correct 40 40.40 0 0 6 15 34 85 0 0 
Incomplete 1 0.01 0 0 0 0 0 100 
Incorrect 56 56.56 4 7.14 1 1.79 49 87.5 2 3.57 
Blank 2 2.02 


Citations about Conceptual Knowledge 


Correct-Correct 
e The function of which domain is a set of positive integers is called sequence (PT63). 
e Functions of which domain is a set of natural numbers are called sequences (PT64). 


Correct-Incomplete 
e For astatement to be a sequence, its domain T = {1, 2, 3,...} has to be a set of counting numbers 
and its value set has to be a set of real numbers (PT2, PT7). 


Incomplete-Correct 
e Numbers ranking according to a certain rule. For it to be a sequence, the denominator should be 


different from zero, and domain should be counting numbers (PT2, PT13, PT51). 


Incorrect-Incomplete 
e Terms ordered by a certain rule are called sequences. Rule: 2n + 1 > Term: 3,5,7,9... (PT1, PT38, 


PT40, PT46, PT68, PT72, PT74, PT88, PT 89). 

e Givenn € N*, numbers denoted as a, and that come together by a certain rule are called 
sequences (PT9). 

e Group of arithmetically or geometrically increasing-decreasing positive integers by a certain 
pattern is called sequence (PT10-PT12, PT14-PT16, PT18, PT21, PT32, PT34, PT36, PT37, PT42, 
PT43, PT61, PT66, PT77, PT90, PT91, PT96, PT97). 

e It is the number pattern that is infinite by certain rules and increasing rates (PT25, PT41, PT76, 
PT78, PT94, PT95). 

e Inthe statement, it is the pattern created by writing down at least 1 in place of n. It should be a 
function (PT26). 

e = Itis a function defined from a set to another (PT67). 

e Itis to give positive value in place of n in a function (PT30, PT59). 

e For astatement to be a sequence, it should be a, € N* and n > 0 (PT31). 

e A function of which terms are ordered is called a sequence (PT60). 

e A function of which general term is a, is called a function (PT62, PT92). 
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Incorrect-Incorrect 


Things following each other successively and connected to the previous and next one. It should 
be constantly increasing or decreasing (PT3, PT22, PT33, PT50, PT55). 

A set which has elements such as number, shape, etc. in a certain period or rule is called a 
sequence (PT4, PT6, PT20, PT27, PT52, PT53, PT58). 

Things that continue at equal intervals or in an order depending on a fixed rule and of which 
terms are integers (PT5). 

Numbers defined by real numbers and of which terms are ordered according to a certain 
arithmetic (PT17, PT19). 

Group of numbers which have a certain ratio or amount of increase among them is called 
sequence (023, PT24, PT44, PT65, PT71, PT83, PT85, PT86, PT99). 

It is the number pattern that is infinite by certain rules and increasing rates (PT25, PT39, PT79, 
PT81, PT93). 

Things that are finite or infinite according to a certain rule (PT8, PT28, PT75, PT87). 

Set of numbers that continue increasing or decreasing by a certain rule (PT29, PT46, PT48, PT49, 
PT56, PT69, PT70, PT73, PT82, PT84). 

If the result is always a positive integer for the integer values of an unknown in a statement, this 
statement is called a sequence (PT35). 

It is that all positive integers that are ordered denote a mutual equation. Denominator should be 
different from zero (PT45). 

Sets of number between which the difference is fixed are called equation (PT57). 

Number relations with rules are called sequences (PT80). 

Set of numbers which is defined by rational numbers and is infinite by a rule is called a sequence 
(PT98). 


Blank: (PT54). 


Citations about Operational Knowledge 


we 
c 
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aS 
= e Its inverse is not a sequence. Because this function defined by 
g natural numbers always proves real numbers. But its inverse 
7 function does not always prove natural numbers as it is defined b 
a A ys p 3 y 
¢ Se 
E aS) real numbers. For example, for n= >, 2 = = is not a natural 
v g number (PT10, PT21). 
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e It is not a sequence. It does not have equivalence in negative 
numbers in the set of N* (PT11). 

e It does not denote a sequence. Because the statement f~*(n) = = 
becomes f~1(2) = = negative for = 2 . All terms should be positive, 
so it can denote a sequence (PT13, PT17, PT18, PT19, PT40, PT62, 
PT84). 

e As the inverse function f~1(n) = = is defined by R > N7%, its 
inverse is not a sequence because result cannot be positive for n < 3 
values (PT22, PT32, PT33, PT39, PT60, PT64). 

e flim = “= is not a sequence. Because, given f~*:R > N*, result is 
not positive but negative for n = 1. It does not prove (PT26, PT35, 
PT75, PT76, PT79, PT80, PT81, PT87, PT89, PT90, PT94). 

e Since f~1(1) = = , f2)= = , f23)=0, f-2(4) = > the 


2: -3 F 
statement f~1(n) = — does not denote a sequence. Because there is 


Question 2 


no certain rate between and some of the results are negative (PT36). 


e Since the numerator of f~1(n) = = is zero for n=3, there is 


unidentifiability in question. So, it is not a sequence (PT41, PT82, 
PT83). 

e Since f~*(3) = 0 € N* for n = 3, it is not a sequence (PT53, PT70). 

e Inverse of f71(n) = = should be defined by R> N*. But this is a 
conflict because it is defined by f~1:R > R. So, it is not a sequence 
(PT61). 

e f-':R->N* is not a sequence. Because it should be defined by 
f~':R > Rso it can be a sequence (PT85). 

e Inverse of f~1(n) = “= does not follow the definition of sequence. 
Because it is f-1(1) € Q forn = 1 (PT98). 


e 
c 
= AS e Should be f:N > Z (PT41). 
a g e Should be f:N > R (PT97). 
2 o 
a 
a > 
& A= n-3 
8 + e f-*(n) = —is not a sequence (PT47). 
c (5) 3 
et =) 
Ol 
we 
c 
= 
é Ol 
mo e ftm™) = = . It is real number when you write down natural 
N 
f g number in place of n (PT1, PT6). 
° am = 
< 4 e film = =. When writing down natural number in place ofn, it is 
— 7) 
& a sequence because the terms =>, 0,5, have a certain order (PT49, 
PT78). 
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N 
§ ; -17,.\ _ 1-3 _4 72 = -1 _ sec 
| e Since f (n) = — for n = 1, > for n = 2 and = for n = 3 are 0, it is 
g a sequence (PT4). 
Ol 

e For the statement f(n) = = to denote a sequence, it should be 
R—-{3}—> Ras it will be n—340,n #3 (PT1, PT9, PT10, PT11, 
PT13, PT22, PT24, PT26, PT29, PT31, PT33, PT38, PT61, PT62, PT72, 
PT85, PT86, PT90, PT91, PT94, PT95). 

e As the terms of the sequence cannot be negative, it should be 
2n—-3>0n-—3>0.That is, it should be defined by all real 
numbers within the range of 3<n<+o (PT3, PT6, PT7, PT18, 
PT19, PT20, PT21). 

e Since it should be n # 3 and = > 0, it should be n #3 and n> 

ie (PT4, PT5, PT55). 

® e It should be defined by {2, 4,6} > {—1,5, 3} (PT8). 

S ic e As it should be n # 3, it should be defined by R from the set of 
4 | n € Z — {3} (PT12, PT40, PT42). 

ss g e For the statement f(n) = = to denote a sequence, it should be 
5 O! n—3>0 and 2n—3 20. If the necessary operations are done, it 
A should be defined by the real numbers that prove n > 3 (PT14, PT27, 


PT28). 

e It should be f(n) = a 
sign, it is (f(n)) = (—0,5)U(3, +0) for n—3>0 and 2n-320 
(PT15, PT53). 

e f= f(2) =—1. As its image cannot be negative, it does not 


2n-3 


> 0 to denote a sequence. If we consider the 


denote a sequence. Its image set should consist of positive integers, 
so it can denote a sequence (PT36). 
e Ifn—3=0andifn = 3 and 2n —3 = 0, its domain is (=,3) because 


n = = (PT80). 
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e It should be one-to-one and surjective. It does not denote a sequence 
as it is not one-to-one and surjective (PT3, PT38). 

e As the statement f~1(n) = “= is a rational number for each n value, 
it is a sequence (PT5, PT43). 

e Since f(1) = 6,f-1(6) =1 forn =1; f(2) =9,f-1(9) =2 forn=2, 
inverse of this function is also a sequence. Because it follows the 
domain and image set rule (PT7, PT56). 

e As the statement f~1(n) = “= is not a value that makes denominator 
zero, that is, makes it undefined, it is a sequence (PT8, PT12, PT14, 
PT24, PT30, PT37, PT42, PT45, PT48, PT50, PT59, PT63, PT74, PT86). 

e As the statement f~1(n) = = is defined by R > R, it denotes a 
sequence (PT9, PT15, PT16, PT29). 

e As the inverse of f~1(n) = “= covers the values of f:R > N*, itisa 
sequence (PT20, PT25, PT57, PT65, PT72, PT91). 

e For the rule f71(n) = “= to be positive, it should be n—3 > 0. If 


iS n—3>0, it is a sequence as the terms (f~*(n)) = Gosrssen) for 
c= n > 3 are positive (PT27, PT28). 
z e As the inverse of f~1(n) = = is defined for n > 0, it is a sequence 
(PT31). 
e As the inverse of f~1(n) = “= is 1 for n = 6, 2 forn = 9, and 3... for 
n = 12, it is an increasing sequence (PT34, PT55). 
e Since there is a certain rate among the terms as f~'(n) = =, 
n=1> = n=2> = it is a sequence (PT44, PT95, PT99). 
e Since the denominator of f~1(n) = = is a real number, it is a 
sequence (PT46). 
e It is a sequence. Because it follows the rule N* > R (PT52, PT58, 
PT69, PT71, PT93). 
e Since f~1:R > N* is a function, itis a sequence (PT77, PT88, PT92). 
e In the inverse of f~1(n) = = if n is chosen to be an integer to make 
the statement n—3 3 and multiples of 3, f~*:Z > Z becomes a 
sequence (PT96). 
e As the statement f~1(n) = = is proven for each nEN, it is a 
sequence (PT97). 
e It should be defined by R > R (PT16, PT99). 
e It should be defined by the set of Z* — (3, +00) (PT17). 
e Should be f:N~ > Q (PT23). 
e Should be f:R — {3} > R (PT25, PT30, PT37, PT44, PT45, PT46, PT58, 
g PT59, PT63, PT64, PT66, PT67, PT68, PT70, PT71, PT73-PT79, PT81- 
S = PT84, PT92, PT93). 
a § e Should be N* — {3} > R (PT32, PT43,PT47, PT51-PT53, PT56). 
% 3 e = {4,5,6,...00} U {0} > R (PT34). 
= 2 e Should be {0,00} > {1, 00} (PT35). 
f| e Should be f:R > {R — 3} (PT39, PT48, PT60, PT65, PT69, PT87, PT88, 


PT98). 
e Should be f:R — {2,3} > R (PT49). 
e Should be f: N* — {2,3} > +0 (PT50, PT57). 
e It should be defined by f: N > Z (PT89). 
e It should be defined by the set of integers (PT96). 
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e [tis a sequence (PT53, PT73). 


Question 2 


Blank: (PT2, PT51). 


Considering the distribution of the data on how the preservice teachers defined the 
concept of sequence and what perceptions and concept images they had of the concept 
in Table 3, 4.04% of them defined it in the category of correct answer, 3.03% in the 
category of incomplete answer, and 91.91% in the category of incorrect answer. Half of 
the participants who defined the concept of sequence in the category of correct answer 
provided correct reasons while the other half provided incomplete reasons. All of the 
participants who defined the concept in the category of incomplete answer provided 
valid reasons for the definition of sequence. As for the participants who defined the 
concept in the category of incorrect answer, 48.35% of them provided incomplete 
reasons and 51.65% of them provided incorrect reasons. Regarding the distribution of 
the answers given to the first and second operational questions about the concept of 
sequence in the second part of the data collection instrument, 2.02% of the preservice 
teachers answered the first question without providing a reason in the category of 
incomplete answer while 97.97% (43.30% provided incorrect reasons and 56.70% 
provided no reason at all) answered it in the category of incorrect answer. 40.40% of the 
preservice teachers (with 15% and 85% providing incomplete and incorrect reasons, 
respectively) answered the second operational question in the category of correct 
answer whereas 56.56% (with 7.14% providing correct, 1.79% providing incomplete and 
87.5% providing incorrect reasons) answered the question in the category of incorrect 
answer. As for the citations from the answers given by the preservice teachers both to 
conceptual and operational questions about the concept of sequence in Table 3, it can be 
argued that the preservice teachers had scientifically wrong perceptions and concept 
images of the concept. 

The data on how the preservice teachers explained the subsequence concept and 
what kind of perceptions and concept images they had of this concept are shown in 
Table 4. 


Table 4: Definitions concerning the concept of subsequence 


Concept Conceptual Knowledge 


Definitions Reasons 
2 f % Correct Incomplete Incorrect Blank 
of f % f % f % f % 
¥ Correct 9 9.09 0 0 1 11.11 8 88.89 0 0 
"3 Incomplete 12 (1212-12 ~——*:100 0 0 0 0 0 
ve Incorrect 68 68.68 14 20.59 11 16.18 43 63.23 0 0 
a Blank 1111.11 
g Operational Knowledge 
5 Question 3 
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Correct 8 8.08 0 0 5 62.5 1 12.5 2 25 
Incomplete 1 0.01 0 0 0 0 0 1 100 
Incorrect 72 72.72 0 0 0 0 59 «81.94 13. 18.06 
Blank 18 18.18 

Question 4 

Correct 52. 52.52 0 0 28 53.85 21 40.38 3 5.77 
Incomplete 0 0 0 0 0 0 0 0 0 
Incorrect 3131.31 0 0 0 0 26 83.87 5 16.13 
Blank 1515.15 


Citations about Conceptual Knowledge 


Correct-Incomplete 
e If all terms of a sequence are also the terms of another sequence, such sequence is called 


subsequence. For instance, all integers are also elements of the set of real numbers, the sequence 
of integers is the subsequence of the sequence of real numbers (PT85). 


Correct-Incorrect 
e If all terms of a sequence are also the elements of another sequence, such sequence is called 
subsequence. For example; a subsequence of the sequence {3,5, 7,9} is {5,7,} (PT27, PT28, PT36, 
PT37, PT77, PT80, PT82, PT83). 


Incomplete-Correct 

e Asequence which is subset of a sequence is called a subsequence (PT29, PT49, PT55, PT88, PT89, 
PT94). 

e A sequence which involves some elements of a sequence is called a subsequence (PT31, PT70, 
PT96). 

e Itis that some elements of a sequence are created with another rule (PT74). 

e With (a,) being a sequence, the sequence (a,,,) obtained by writing down k,, in place of n is 
called subsequence (PT78, PT87). 


Incorrect-Correct 
e Sequences meeting the conditions of a general sequence are called subsequences (PT10, PT19, 
PT35, PT38, PT53, PT84). 
e If we get the same results when attributing values to n, it is a subsequence (PT13, PT20). 
e It is that a general sequence’s elements with n are written as small units. A general sequence 


covers the subsequence (PT14). 

e A sequence formed by the terms of a sequence within a certain range is called a subsequence 
(PT17, PT48, PT71, PT72). 

e The sequence which has at least one shared element with a sequence is called subsequence (PT9). 


Incorrect-Incomplete 
e Some elements of a sequence coming together is called a subsequence (PT1, PT2, PT43, PT47, 
PT58, PT92, PT93, PT97). 
e Fora statement to be a subsequence, it should involve the elements of the sequence by which it 
was formed (PT7, PT60). 
e Ifanew sequence can be formed with numbers in a sequence by a separate rule, this new sequence is 
called the subsequence of that sequence (PT42). 


Incorrect-Incorrect 
e Itshould be the derivatives of the sequence (PT3, PT33). 
e It is the set that help us achieve the term n. of a sequence (PT4). 
e Itis a concept involved by a general sequence in it. It must follow the general term (PT5, PT98). 
e Itis something like a subset (PT6, PT62, PT66, PT95). 
e For asequence to be a subsequence, it should be a constant sequence (PT8). 
e Itis to create a new sequence by reducing the general rule of a sequence (PT11, PT18, PT40, PT41, 
PT61, PT91). 
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It is a sequence formed by elements of a sequence increasing at a certain rate (PT12, PT98). 

If a result that defines the sequence is achieved when writing down the terms given in a 
subsequence in place of the uncertainties given in a normal sequence (PT15). 

A series formed by the elements coherent with certain attributes of a sequence that is composed 
of numbers together is called a subsequence (PT16). 

The new sequence achieved by attributing certain values to n is called a subsequence (PT21). 

If the values attributed to n do not make the denominator of the sequence zero, this value is 
called subsequence (PT22, PT34). 

Sequence which helps define a sequence is called a subsequence (PT23). 

In the sequence (a,,), the sequence (ad,_1) obtained by lessening the variable by 1 is called 
subsequence (PT24). 

Each of a sequence’s terms is called the subsequence of that sequence (PT25, PT44, PT50, PT75). 

If the domain of a function covers the domain of another function, it is a subsequence (PT26). 

It is the set formed by some elements of a function (PT30, PT57). 

Sequences of which domain covers its value set and its value set covers its domain are called 
subsequences (PT32). 

It is the ordering of numbers from a, to a, by means of formulas (PT46). 

Sequences of which domains share the same domain are called subsequences (PT63, PT67). 

Each subset of a function is called a subsequence (PT64). 

The new sequence obtained by increasing its variable by 1 is called subsequence. For example; a 
subsequence of the sequence (a,) is (@y41) (PT65). 

The sequence of which domain is smaller than the domain of the general sequence is called 
subsequence (PT68, PT69). 

If the values that render the denominators undefined for the sequences (a,)and (b,) are 
different, these sequences are called each other’s subsequence (PT73). 

A sequence formed by multiplying the numerator and denominator of a sequence by the same 
number is called a subsequence (PT81). 

It is the case that a sequence follows another sequence monotonously (PT90). 


Blank: (PT39, PT45, PT51, PT52, PT54, PT56, PT59, PT76, PT79, PT86, PT99). 


Citations about Operational Knowledge 


ioe) 
5 e The sequence (ay41) = (—) is a subsequence of the sequence (a,) = 
o 3 (=). Because all terms of the sequence (a,4,) are elements of the 
2. & sequence (a,) (PT31, PT74, PT85, PT87, PT93). 
& 
S : 4 3 7 5 : 
¢ e Given a, = 37 Sali forn = 1; a, = Pt a for n = 2, as we get different 
g = results when we attribute the same value to n, that is, because one does 
5 ‘3 not cover any element of the other, the sequence (b,,) is not a subsequence 
n 
S) a of the sequence (a,) (PT4, PT7, PT13, PT16, PT17, PT25, PT29, PT40, PT42, 
Ol PT43, PT45, PT48, PT50, PT58, PT69, PT70, PT71, PT74, PT75, PT80, PT84, 
PT85, PT88, PT89, PT92, PT94, PT96, PT97). 
a5 ioe) 
sy 5 e We can form the subsequence by increasing its variable by one. If one 
o — ‘ 2 n+2 . 
ee $ writes down n + 1 in place of n, the sequence (an41) = Cones) becomes its 
oOo CUYV 7) 
Ug & subsequence (PT65). 
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e The sequence (b,) = ) is not a subsequence of the sequence (a,) = 


2nt+1 “8 : 
(—_,): Because a, = by for n = 0 but it is not a subsequence as it cannot 


be ap veya bo (PT1). 
e If the amount of increase of sequences’ terms is the same, it becomes 


‘ 1 
subsequence. Each term of the sequence b, increases by —, each term of 


the sequence a, increases by = Since the amounts of increase are 
different, the sequence b,, is not a subsequence (PT10). 

e It is not. Because rules are not coherent with each other, their lessened 
states. For example, it is a, # b, for = 1 . This indicates that the lessened 
rule is not coherent with the first rule (PT11, PT20, PT87). 


3 
2 


same rate in the sequence. So, it is not a subsequence (PT12, PT36). 


e Since b,; = =; b, = “ a, =>, a,= >, the two of them do not increase at the 

e It is not its subsequence. Because they cannot be written down by 
transforming to each other (PT14). 

e It is not a subsequence. Because, in the sequence a,, the result is not 
integer when we attribute values to n (PT21). 

e If the variable of the sequence (a,) is written down by lessening by one, 


*t 

5 that is, n — 1 is written down in place of n, it is (by) # (an_1). As it does 

3 not equalize, the sequence (b,,) is not a subsequence of the sequence (ay) 

7) 

3 (PT24). 

a e It is not its subsequence. Because the range of the sequence (a,) does not 
cover the range of the sequence (b,,). Since b, = * a, = = for n=1,itisin 
the range of (a,): G oo) and the range of (b,,): G. co) (PT26). 

e If b, =a,, as the equation SR a EE 8 32 43K +41 = 4k2 42k + 

2k+1 K+1 
2k + 1, 3 = 4 is not correct, the sequence b, is not a subsequence of the 
sequence (a,) (PT27, PT28, PT38). 

e Because it is not defined by the same numbers, it is not its subsequence 
(PT35). 

e To be a subsequence, it should be a,, = ay. If a, = > itis b, = 1. Here, if 
— = 1, it is n=0. As it cannot be by in the sequences, it is not its 
subsequence (PT46). 

e Because their general terms and approach to infinity are difference, it is 
not its subsequence (PT53). 

e by:R- {- } > R and a,:R —{-1} > R. As their domains are different, it 
is not its subsequence (PT66, PT67). 

e Itis not its subsequence. Because, once we simplify or widen the sequence 
by, we cannot get the sequence a, (PT81, PT98). 

foo) 

§ 

a 3 e The sequence (a,)is a subsequence of itself (PT69, PT70). 
E : 
pa Ol 
xs) 
o *t 
g 
S 2 
Uv z e It is not its subsequence (PT31, PT49, PT79). 
3 
Ol 
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Incorrect-Incorrect 


As there is no undefined value for each value of n, since n=1- 1, 


n=2> 2 =39 =, n=4-> A= {1,2,2,5} is a subsequence (PT4, PT7, 
4 6 8 4° 6 8 

PT15, PT36, PT37, PT40, PT42, PT43, PT48, PT49, PT53, PT60, PT62, PT71, 
PT90, PT92, PT94, PT97). 

a, = = = 1 is a subsequence term. Because the result is a rational 
number for n=1 (PT5). 

Since a, = “~~ ==+—, the sequence isa subsequence of the sequence 

2n 2 2n 2n 


a,- Because there is the constant term of : (PT8). 


2n+1 


The sequence (=) is a subsequence of the sequence a, as the coefficient 


at the beginning of “n” are different (PT10). 

By lessening the rule of(a,), we can have a subsequence (b,,) = a (PT11, 
PT19). 

Subsequence of 1>1, n=2-> -, n=3 +* is {1,2,2...}. Because it 
increases at a certain rate (PT12). 

(=) is a subsequence of the sequence (a,,). Because the result is the same 
for n = 1 (PT13). 

Since the terms decrease as a, =1, a, = , az = =; a4 = ae, it is a 
subsequence (PT16, PT34, PT78). 

a,=1,a,= - are subsequences of the sequence. Because it does not zero 
the denominator and has a certain value (PT20, PT55, PT66). 

For n = 1, a, = 1 is a subsequence. Because the result is not integer when 
attributing other values to n (PT21). 


For n=1, a, = == 1. Since this attributed value does not zero the 


denominator, a, is a subsequence of the given sequence (PT22). 

We can write down its subsequence by lessening the variable of the 
sequence by 1. If one writes down n—1 in place of , they get the 
subsequence (dy_1) = (— 5) (PT24). 


2n- 
For n = 6, the term dg = = is a subsequence of the sequence (a,,). Because 
any term of a sequence is its subsequence (PT25, PT64). 

Range of the sequence (a,) is (1,00). As the range (1,2) is within this 
range, it is a subsequence (PT26). 

For n = 1, since the term a, = - = 1 is an element of the sequence (a,), a; 
is a subsequence (PT27, PT28). 


Since (a,) = (=) = sto, the sequence ) is a subsequence of the 
sequence (a,,). Because they have the same domain (PT29, PT61, PT63, 
PT77, PT95). 

Forn=1a,= - = land a, C aj, it is a subsequence (PT 30, PT 50). 

Since a sequence of b, cannot be written down meeting the condition of 
an = by, the given sequence has no subsequence (PT38). 

Because it is defined by ay:R-—{0}—R, we have to write down a 


sequence which has the same domain and value set. As the sequence 
3n-1 


bn = —= is defined by R — {0} > R, it is a subsequence of the sequence ay 
(PT67, PT68). 
A subsequence of the sequence (ay) = é) is by = a Because the 


value which makes the denominator of the sequence (a,) 0 and the value 
which makes the denominator of the sequence (b,,) 0 are different (PT73). 
The sequence (b,)=(2n) is a subsequence of the sequence (a,). Because all 
elements of (b,) is elements of (a,) (PT75, PT80, PT89). 


If we expand the numerator and dominator of the sequence (a,) by 2, we 
2n+2 


get the subsequence b, = (PT81, PT88, PT98). 


4n 
Because it is undefined for n — 0. it has no subsequence (PT84). 
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Be+4 PRAT 324 Bk +k +1 = 4k? +2k+2k +1, itis 3 =4. 
2k4+1 k+1 


Since k does not result in a rational number, it is not a rational number 
(PT5). 
e Once the given two statements are equalized, it is a subsequence as there 


e If by = Ax» 


is equation (PT8). 
e If we write down the equation statement b, in place in the statement ay, it 
3n+1 
2 +1 
is Ge = —. As there is a sequence in this statement, the sequence 
2nt+1 


(b,,) is a subsequence of the sequence (a,,) (PT15, PT55). 
e It is its subsequence. Because when we place it as a;, a2, we get a smaller 


sequence than the previous one (PT19). 
e As the increasing rate is the same between the terms, the sequence (b,,) is 
a subsequence of the sequence (a,,) (PT22, PT57). 


3nt1 — 2n+1 

2n+1 nt 
n = 0 (PT30, PT37). 

e It is its subsequence. Because the range of the sequence (a,) covers the 
range of the sequence b,, (PT32, PT34). 

e It is its subsequence as its terms follow each other like a; = =, b, = - for 
n = 1 (PT41, PT56, PT60, PT64). 

e As it is not its subsequence, it should be a, > by. If 


e =6As the equation for n = Ois proven, it is its subsequence for 


2nt+1 3nt+1 ., . 
—— > ——, it Is 
n+1 2nt+1 

4n? + 8n+1>3n*+4n+1, n?+4n>0. As this inequation is proven 


for each positive number, the sequence b, is a subsequence of the 
sequence a,, (PT61). 

e It is its subsequence. Because the sequence b,, starts before the sequence 
An (AOQ62). 

e Itis a subsequence because they have the same domain (PT63). 


Question 4 


e Itis its subsequence. Because it is defined by the given statement (PT65). 

e As the sequence (b,) is achieved by adding n to the numerator and 
denominator of the sequence (a,) , it is its subsequence (PT68). 

e As one’s numerator is equal to other’s denominator, it is a subsequence 
(PT72). 

e As the values which make the denominators of the sequences (b,) 
and(a,) zero are different from each other, the sequence (b,) is a 
subsequence of the sequence (a,,) (PT73). 

e It is its subsequence. Because both sequences are defined by R* > R* 


(PT77). 

e It is its subsequence. Because its terms are ordered and monotonous 
(PT90). 

e Since, in the sequences b, = ——+ 1, a,=1 sere constants and 


numerators are equal, and the denominators are bigger than the 
denominator of the sequence by, it is a subsequence of the sequence a, 
(PT91). 
‘ 1 
e Since by, =Snear 1, A, = Ee meer, 
by, itis its subsequence (PT93). 


n 


as the sequence a, covers the sequence 
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n+1, . 3 4 2 
e Subsequence of the sequence (a,) = Ce) isa, =1,a,= ee 


6 3 
PT2,PT45, PT46). 


(PT1, 


€ e The given sequence has no subsequence (PT9). 
~ 3 e The sequence ce is a subsequence of the given sequence (PT17). 
a 3 e The sequence 2n + 2 is a subsequence of the given sequence (PT35). 
2 e It is the sequence (=) (PT41, PT58, PT59, PT72). 
# : n-2 
5 e It is the sequence (D (PT82, PT83). 
= 


e Itis its subsequence (PT9, PT18, PT78, PT82, PT83, PT95). 


(PT3, PT6, PT18, PT23, PT32, PT33, PT39, PT44, PT47, PT51, PT52, PT54, PT56, 
PT57, PT76, PT79, PT86, PT99). 


Blank 


(PT2, PT3, PT6, PT23, PT33, PT39, PT44, PT47, PT51, PT52, PT54, PT59, PT76, 
PT86, PT99) 


Question 4 | Question 3| Question 4 


As for the distribution of the data on how the preservice teachers explained the concept 
of subsequence and what perceptions and concept images they had of the concept 
according to Table 4, 9.09% of the preservice teachers (with 11.11% providing 
incomplete and 88.89% incorrect reasons) defined the concept in the category of correct 
answer, 12.12% of them (with 100% providing correct reasons) defined it in the category 
of incomplete answer and 68.68% of them (with 20.59% providing correct, 16.18% 
incomplete and 63.23% incorrect reasons) defined it in the category of incorrect answer. 
In addition, 11.11% of the preservice teachers did not answer the question about the 
definition of the subsequence concept. Regarding the distribution of the answers given 
to the third and fourth operational questions about the concept of subsequence in the 
second part of the data collection instrument, 8.08% of the preservice teachers (with 
62.5% providing incomplete, 12.5% incorrect and 25% no reasons) answered the third 
question in the category of correct answer whereas 72.72% (81.84% provided incorrect 
reasons and 18.06% provided no reason at all) answered it in the category of incorrect 
answer. Moreover, 18.18% of the preservice teachers did not make any attempt to solve 
this question. As for the fourth operational question, 52.52% of the preservice teachers 
(with 53.85% providing incomplete, 40.38% incorrect and 5.77% no reasons) answered it 
in the category of correct answer while 31.31% (83.87% provided incorrect reasons and 
16.13% provided no reason at all) answered it in the category of incorrect answer. As for 
the citations from the answers given by the preservice teachers both to conceptual and 
operational questions about the concept of subsequence in Table 4, it can be argued that 
the preservice teachers had scientifically wrong perceptions and concept images of the 
concept. 
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4. Discussion 


In this section, the findings were associated with the literature and discussed, and 
recommendations were made about the achieved results. 

According to the findings about the concept of sequence, very few preservice 
teachers defined the concept correctly. Half of the preservice teachers who defined the 
concept correctly did it in coherence with the formal definition while the other half 
narrowed down the scope of the concept and defined it with overspecialization by 
stating, “...the domain should be the set of counting numbers T = {1,2,3,...}, the value 
set should be the set of real numbers”. Overspecialization refers to thinking of a 
concept, rule or principle in a narrower and more restricted mentality (Bingdlbali & 
Ozmantar, 2010). Furthermore, almost all of the preservice teachers defined the concept 
of sequence incorrectly, very few of them defined it incompletely. 

Almost all of the preservice teachers who defined the concept incorrectly 
provided the following definitions which were incomplete about its attributes and 
indicated that they had misconceptions about the concept: “Terms ordered by a certain 
rule are called sequences.”; “Given Rule: 2n + 1 > Term: 3,5,7,9..; n € N*, numbers 
denoted as a, and that come together by a certain rule are called sequences”; “Group of 
arithmetically or geometrically increasing-decreasing positive integers by a certain 
pattern is called sequence.”; “It is the number pattern that is infinite by certain rules and 
increasing rates”; In the statement, it is the pattern created by giving at least 1 to n.”; “It 
should be a function.”; “It is a function defined from a set to another.”; “It is to give 
positive value in place of n in a function.”; “For a statement to be a sequence, it should 
be a, € N* and n> 0.”; “Function of which general term is a, is called a function.” It 
can be also understood from the following definitions that the other half of the 
preservice teachers who defined the concept incorrectly had perceptions and concept 
images not even close to the formal attributes of the subsequence: “Things following 
each other successively and connected to the previous and next one.”; “It should be 
constantly increasing or decreasing.”; “A set which has elements such as number, 
shape, etc. in a certain period or rule is called a sequence.”; “Things that continue at 
equal intervals or in an order depending on a fixed rule and of which terms are 
integers.”; “Numbers defined by real numbers and of which terms are ordered 
according to a certain arithmetic.”; “Group of numbers which have a certain ratio or 
amount of increase among them is called sequence.”; “It is the number pattern that is 
infinite by certain rules and increasing rates.”; “Things that are finite or infinite 
according to a certain rule.”; “Set of numbers that continue increasing or decreasing by 
a certain rule.”; “If the result is always a positive integer for the integer values of an 
unknown in a statement, this statement is called a sequence.”; “It is that all positive 
integers that are ordered denote a mutual equation, denominator should be different 
from zero.”; “Sets of number between which the difference is fixed”; “Number relations 
with rules”; “Set of numbers which is defined by rational numbers and is infinite by a 
rule.” 
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Regarding the findings on the operational questions (question 1 and question 2) 
which required using the concept of sequence, similarly, almost all of the preservice 
teachers answered the first question, and more than half of the preservice teachers 
answered the second question incorrectly by providing incorrect reasons or no reasons 
at all. The result obtained concerning the answers given to these two questions which 
required using the definition and attributes of sequence indicates that the preservice 
teachers had scientifically wrong perceptions and concept images of the sequence 
concept. 

According to the findings about the concept of subsequence, few preservice 
teachers defined the concept correctly. On the other hand, almost all of the preservice 
teachers who defined the concept correctly reduced the concept of subsequence to the 
concept of subset, and therefore, provided incorrect reasons with the following 
statements: “If all terms of a sequence are also the elements of another sequence, such 
sequence is called subsequence.”; “For example; a subsequence of the sequence 
{3,5, 7,9} is {5,7,}.” It can be inferred from this result that the preservice teachers 
mistook the concepts of subsequence and subset and did not know under which 
circumstances a sequence would be a subsequence of another sequence. 

Furthermore, about four fifth of the preservice teachers defined the concept of 
subsequence incorrectly or did not define it at all. About one fifth of the preservice 
teachers who defined the concept incorrectly provided correct or incomplete reasons, 
and more than half of them tried to explain it by providing the following definitions 
which are perceptions and concept images not coherent with the formal attributes of 
subsequence: “Derivatives of sequence”; “A set that help us achieve the term n. of a 
sequence easily”; “It is a concept involved by a general sequence in it.”; “It must follow 
the general term.”; “It is something like a subset.”; “For a sequence to be a subsequence, 
it should be a constant sequence.”; “It is to create a new sequence by reducing the 
general rule of a sequence.”; “It is a sequence formed by elements of a sequence 
increasing at a certain rate.”; “If a result that defines the sequence is achieved when 
writing down the terms given in a subsequence in place of the uncertainties given in a 
normal sequence.”; “A series formed by the elements coherent with certain attributes of 
a sequence that is composed of numbers together is called a subsequence.”; “The new 
sequence achieved by attributing certain values to nis called a subsequence.”; “If the 
values attributed to ndo not make the denominator of the sequence zero, this value is 
called subsequence.”; “Sequence which helps define a sequence is called a 
subsequence.”; “In the sequence(a,), the sequence (@n_;) obtained by lessening the 
variable by 1 is called subsequence.”; “Each of a sequence’s terms is called the 
subsequence of that sequence.”; “If the domain of a function covers the domain of 
another function, it is a subsequence.”; “It is the set formed by some elements of a 
function.”; “Sequences of which domain covers its value set and its value set covers its 
domain are called subsequences.”; It is the ordering of numbers from a, to a, by means 
of formulas.”; “Sequences of which domains share the same domain are called 
subsequences.”; “Each subset of a function is called a subsequence.”; “The new 
sequence obtained by increasing its variable by 1 is called subsequence.”; For example, 
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a subsequence of the sequence (@,) iS (An41).”; “The sequence of which domain is 
smaller than the domain of the general sequence is called subsequence.”; “If the values 
that render the denominators undefined for the sequences (a,)and (b,)are different, 
these sequences are called each other’s subsequence.”; A sequence formed by 
multiplying the numerator and denominator of a sequence by the same number is 
called a subsequence.”; “It is the case that a sequence follows another sequence 
monotonously.” 

Regarding the findings on the operational questions (question 3 and question 4) 
which required using the concept of subsequence, similarly, about three fourth of the 
preservice teachers answered the third question and about one third of the preservice 
teachers answered the fourth question incorrectly by providing incorrect reasons or no 
reasons at all. On the other hand, about half of the preservice teachers answered the 
fourth operational question about the concept of subsequence correctly although about 
all of them provided incomplete or incorrect reasons. The result obtained concerning 
the answers given to these two questions which required using the definition and 
attributes of subsequence indicates that the preservice teachers had scientifically wrong 
perceptions and concept images of the subsequence concept. 

Possible reasons for these results achieved concerning the concepts of sequence 
and subsequence might be the epistemological, psychological and pedagogical obstacles 
in the instruction of these concepts (Soylu, Akgiin, Diindar & Isleyen, 2011). Moreover, 
when teaching a concept, concentrating only on technical information and definitions 
and ignoring the relationship between that concept and others is another aspect of the 
instructional obstacles. In other words, presenting the students this information 
through rote learning and without having them contemplate on it might have caused 
them to develop such misconceptions and concept images. It is reported in the studies 
on difficulty indices regarding mathematical subjects in the literature that the unit of 
sequences and series takes the first place in the difficulty index (Durmus, 2004; Tatar, 
Okur & Tuna, 2008) and students find it hard to comprehend the subjects in the unit of 
sequences and series (Akbayir, 2004; Alcock & Simpson, 2004; Alcock & Simpson, 2005; 
Akgiin & Duru, 2007). Furthermore, Ciltas & Isik (2012) observed in their study aiming 
to identify the mental models of preservice teachers in the subjects of sequences and 
series that the preservice teachers failed to do a drawing of an exemplary model which 
states the concepts of sequence and series properly and tried to explain these concepts 
and their features through examples. It can be argued that the results achieved on the 
concepts of sequence and subsequence in this study are in parallel with the results in 
the literature. Because it was concluded in this study, that the preservice teachers had 
wrong perceptions and concept images of both sequences and subsequences 
scientifically. 

Due to the fact that the preservice teachers were incompetent at providing the 
definitions of the concepts of sequence and subsequence and could not provide a formal 
definition and considering that they did important part of learning about these concepts 
during high school, the approach of rote learning should be avoided when teaching 
these concepts and materials that will positively affect the retentive and interrelated 
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learning of concepts such as concept maps and concept networks should be used. It was 
also observed that the preservice teachers answered the questions requiring the use of 
sequence and subsequence because they did not know about both concepts. In this 
sense, it is necessary to know that mathematics is not just about formulas and 
equations. When teaching the subjects, they should be presented in a holistic way, 
definitions and concepts should not be ignored, and importance should be attached to 
the establishment of interrelations between the concepts rather than adopting a 
formula-based study approach. 


Acknowledgements or Notes 

The author would like to express his gratitude to the referees for their valuable 
comments and suggestions. The author declares that there is no conflict of interests 
regarding the publication of this paper. A part of this study was presented in 12th 
National Science and Mathematics Education Congress (UFBMEK), Trabzon, Turkey, 
2016. 


References 


1. Akbayir K, 2004. Universite 2. Simif Oérencilerin Serilerin Tayininde Bazi 
Yakinsakhk Kriterlerindeki Hatalar1 ve Kavram Yanilgilari [2 nd Grade 
University Students’ Errors and Misconceptions in Some Convergence Criteria in 
the Determination of Series]. Kastamonu Education Journal, 12(2): 442-450. 

2. Akgiin L, Duru A, 2007. Misunderstanding and Difficulties in Learning Sequence 
and Series: A Case Study. Journal of the Korea Society of Mathematical 
Education Series D: Research in Mathematical Education, 11(2):75-85. 

3. Alcock L, Simpson A, 2004. Convergence of Sequences and Series: Interactions 
between Visual Reasoning and The Learner’s Beliefs about Their Own Role. 
Educational Studies in Mathematics, 57(1): 1-32. 

4. Alcock L, Simpson A, 2005. Convergence of Sequences and Series 2: Interactions 
between Visual Reasoning and the Learner’s Beliefs about Their Own Role. 
Educational Studies in Mathematics, 58(1): 77-100. 

5. Altun M.H, 2015. Orta 6%retim Matematik Ileri Diizey 11 Ders Kitabi [Secondary 
Education Advanced Mathematics 11 Textbook]. Ipek Yolu Yayin Dagitim, 
Ankara. 

6. Aydin M, Kogce D, 2008. Preservice teachers’ perceptions of “Equation and 
Function” conceptions, Van Ytiziincii Yil Universty, Journal of Education 
Faculty, 5(1): 46-58. 

7. Aydin N, Asma N, 2003. Lise Matematik 2 Ders Kitabi [High School Mathematics 
2 Course Book]. Aydin Yayinlar1, Ankara. 

8. Baki A, Aydin Gig F, 2014. Identifying Misconceptions of Nine Grade Students 
on Repeating Decimals. Turkish Journal of Computer and Mathematics 
Education, 5(2): 176-206. 


European Journal of Education Studies - Volume 4 | Issue 12 | 2018 67 


Davut K6gce 
EXAMINING PRESERVICE MATHEMATICS TEACHERS’ PERCEPTIONS AND 
CONCEPT IMAGES OF SEQUENCE AND SUBSEQUENCE CONCEPTS 


9. Baki A, Kartal T, 2002. Lise 6grencilerinin cebir bilgilerinin kavramsal ve islemsel 
bilgi baglaminda degerlendirilmesi [Evaluation of high school students' algebra 
knowledge in the context of conceptual and operational information]. V. Ulusal 
Fen Bilimleri ve Matematik Egitimi Kongresi, ODTU Kiiltiir ve Kongre Merkezi, 
Ankara. 

10. Baki A, 2008. Kuramdan Uygulamaya Matematik Egitimi [Mathematics 
Education from the Theory to Practice]. 4. Baski, Harf Egitim Yayincilig1, Ankara. 

11. Balai M, 2012. Matematik Analiz-1 (Mathematical Analysis I). 8. Baski, Surat 
Universite Yayinlari, Istanbul. 

12. Bingolbali E, Monaghan J, 2008. Concept image revisited, Educational Studies in 
Mathematics, 68(1):19-35. 

13. Bingolbali E, Ozmantar M. F, 2010. lk6gretimde karsilasilan matematiksel 
zorluklar ve coztim Onerileri [Mathematical difficulties encountered in primary 
education and solution proposal]. (2. baski), Pegem Akademi Yayinevi, Ankara. 

14. Birgin O, Guirbuz R, 2009. lk6gretim II. kademe 6grencilerinin rasyonel sayilar 
konusundaki islemsel ve kavramsal bilgi diizeylerinin incelenmesi [Investigation 
of conceptual and operational knowledge levels in rational numbers of middle 
school students]. Journal of Uludag University Faculty of Education, 22(2): 529- 
550. 

15. Christensen L.B, Johnson R.B, Turner L.A, 2010. Research Methods, Design and 
Analysis, (11th ed.), Boston, MA: Allyn& Bacon. 

16. Cohen L, Manion L, Morrison K, 2000. Research Methods in Education. London: 
Routledge/Falmer, Taylor ve Francis Group. 

17. Cepni S, 2012. Introduction to research and project studies. 6. Edition, Trabzon: 
Celepler Printing. 

18. Ciltas A, Isik A, 2012. Determination of Cognitive Models about Sequences and 
Series of the Elementary Mathematics Prospective Teachers. Erzincan University 
Journal of Education Faculty, 14(2): 167-182. 

19. Dane A, Baskurt H, 2012. Primary school the 6 th, 7th and 8th grade students’ 
perceptions and misconceptions on point, line and plane concepts. Ondokuz 
Mayis Universitesi Egitim Fakiiltesi Dergisi, 31(2): 81-100. 

20. Dernek A, 2009. Genel matematik [General Mathematics]. 4. Basim, Nobel 
Akademik Yayincilik, Ankara. 

21. Durmus S, 2004. Matematikte 6grenme giicliiklerinin saptanmasi tizerine bir 
calisma [A study on the identification of learning difficulties in mathematics]. 
Kastamonu Education Journal, 12(1): 125-128. 

22. Gronlund N. E, Linn R. L, 1990. Measurement and evaluation in teaching (6th 
ed.), New York, NY: MacMillan. 

23. Isleyen T, Istk A, 2005. A study on conceptual learning of subvector space. 
Journal of Kazim Karabekir Education Faculty, 11: 493-501. 

24. Kadioglu, E, Kamali M, 2013. Genel Matematik [General Mathematics]. Kiultir 
Egitim Vakfi Yayinevi, Erzurum. 


European Journal of Education Studies - Volume 4 | Issue 12 | 2018 68 


20); 


26. 


yang 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


Soe 


36. 


of: 


38. 


a2: 


40. 


41. 


Davut K6gce 
EXAMINING PRESERVICE MATHEMATICS TEACHERS’ PERCEPTIONS AND 
CONCEPT IMAGES OF SEQUENCE AND SUBSEQUENCE CONCEPTS 


Kaplan A, Isleyen T, Oztiirk M, 2011. The misconceptions in ratio and proportion 
concept among 6th grade students. Kastamonu Education Journal, 19(3): 953-968. 
Karasar N, 2016. Scientific Research Method: Concepts, Principles and 
techniques. 31st Edition, Nobel Publishing Distribution, Ankara 

Ko6gce D, 2015. Conceptions and Concept Images of Prospective Mathematics 
Teachers in a Teacher Training Program Regarding Basic Mathematical 
Concepts. International Journal of Social Sciences and Education, 5(4): 678-706. 
Merriam S. B, 1988. Case study research in education: A qualitative approach, 
CA: Jossey-Bass, San Francisco. 

Merriam S.B, 1998. Qualitative research and case study applications in education. 
Revised and expanded from case study research in education. USA: JB Printing. 
Miles M, Huberman M, 1994. An expanded source book qualitative data analysis, 
(2th edition), America: Person Education. 

Morali S, Koroglu H, Celik A, 2004. Trainee mathematics teachers’ 
misconceptions and attitudes towards abstract mathematics course: a sample of 
Buca Faculty of Education. Gazi University Journal of Gazi Educational Faculty, 
24(1): 161-175. 

Nesbit T, 1996. What counts? Mathematics education for adults. Adult Basic 
Education, 6(2): 69-83. 

Oaks A.B, 1990. Writing to learn mathematics: Why do we need it and how can it 
help us? Associations of Mathematics Teachers of New York States Conference, 
Ellenvile. 

Ozkaya M, Isleyen T, 2012. Some misconceptions related to functions. Cankin 
Karatekin University Journal of Institute of Social Sciences, 3(1): 01-32. 

Rosken B, Rolka K, 2007. Integrating intuition: the role of concept image and 
concept definition for students’ learning of integral calculus, The Montana 
Mathematics Enthusiast, 3: 181-204. 

Soylu Y, Aydin S, 2006. A study on importance of the conceptual and operational 


knowledge are balanced in mathematics lessons. Erzincan University Journal of 
Education Faculty, 8(2): 83-95. 

Tall D, Vinner S, 1981. Concept image and concept definition in mathematics 
with particular reference to limits and continuity, Educational Studies in 
Mathematics, 12(2):151-16. 

Tatar E, Okur M, Tuna A, 2008. A study to determine learning difficulties in 
secondary mathematics education. Kastamonu Education Journal, 16(2): 507-516. 
Vinner S, 1991. The role of definitions in the teaching and learning of 
mathematics. In D. Tall (Eds.). Advanced Mathematical Thinking. Dordrecht: 
Kluwer Academic. 

Yenilmez K, Avci T, 2009. Primary school students’ difficulties in learning 
absolute value. Dicle Universty Journal of Ziya Gokalp Faculty of Education, 12: 
80-88. 

Yildirim A, Simsek H, 2016. Qualitative research methods in the social sciences. 
10. Edition. Segkin Publishing, Ankara. 


European Journal of Education Studies - Volume 4 | Issue 12 | 2018 69 


Davut K6gce 
EXAMINING PRESERVICE MATHEMATICS TEACHERS’ PERCEPTIONS AND 
CONCEPT IMAGES OF SEQUENCE AND SUBSEQUENCE CONCEPTS 


42. Yilmaz Z, Yenilmez K, 2008. 7 th and 8th Grades Students’ Misconceptions about 
Decimal Numbers (The Case of Usak). Afyon Kocatepe Universitesi Fen Bilimleri 
Dergisi, 8(1): 291-312. 

43. Yin R.K, 1994. Case study research design and methods. (2nd Edition), 
ThousandOaks, CA: Sage Publications. 

44. Zembat 1.0, Ozmantar MLE, Bingolbali E, Sandir H, Delice A, (Editérler) 2013. 
Tanimlar1 ve tarihsel gelisimiyle matematiksel kavramlar [Mathematical 
concepts with definitions and historical development]. Pegem Akademi, Ankara. 


European Journal of Education Studies - Volume 4 | Issue 12 | 2018 70 


Davut K6gce 
EXAMINING PRESERVICE MATHEMATICS TEACHERS’ PERCEPTIONS AND 
CONCEPT IMAGES OF SEQUENCE AND SUBSEQUENCE CONCEPTS 


Creative Commons licensing terms 

Author(s) will retain the copyright of their published articles agreeing that a Creative Commons Attribution 4.0 International License (CC BY 4.0) terms 
will be applied to their work. Under the terms of this license, no permission is required from the author(s) or publisher for members of the community 
to copy, distribute, transmit or adapt the article content, providing a proper, prominent and unambiguous attribution to the authors in a manner that 
makes clear that the materials are being reused under permission of a Creative Commons License. Views, opinions and conclusions expressed in this 
research article are views, opinions and conclusions of the author(s). Open Access Publishing Group and European Journal of Education Studies shall 
not be responsible or answerable for any loss, damage or liability caused in relation to/arising out of conflicts of interest, copyright violations and 
inappropriate or inaccurate use of any kind content related or integrated into the research work. All the published works are meeting the Open Access 
Publishing requirements and can be freely accessed, shared, modified, distributed and used in educational, commercial and non-commercial purposes 


under a Creative Commons Attribution 4.0 International License (CC BY 4.0). 


European Journal of Education Studies - Volume 4 | Issue 12 | 2018 71 


